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Objective: To define the frequency and predictors of short esophagus in a case series
of patients undergoing antireflux surgery.
Method:An observational prospective study from September 10, 2004, to October 31,
2006, was performed at 8 centers. The distance between the esophagogastric junction
as identified by intraoperative esophagoscopy and the apex of the diaphragmatic hi-
atus was measured intraoperatively before and after esophageal mediastinal dissec-
tion; a distance of 1.5 cm was arbitrarily determined to categorize cases as long
(.1.5 cm) or short (#1.5 cm).
Results:One hundred eighty patients were enrolled; the mean age of patients was 49.3
6 15.3 years. At the first measurement (after isolation of the esophagogastric junc-
tion), the median distance between the esophagogastric junction and the apex of the
hiatus was equal to or shorter than 1.5 cm in 68 (37.7%) patients; at the second mea-
surement (after full mediastinal isolation), the measurement of the distance was still
shorter than 1.5 cm in 34 (18.8%) patients and between 1.5 and 2.5 cm in 24
(13.4%) patients. The median length of the mediastinal esophageal dissection was
6 cm (range 1–12 cm). An esophageal lengthening procedure was performed in 26
(14.4%) patients. The duration of symptoms (P 5 .047), the General Health domain
of the SF-36 questionnaire (P 5 .001), and an x-ray barium swallow (P 5 .000) are
predictive factors for a ‘‘true’’ short esophagus.
Conclusions: True short esophagus is present in about 20% of patients undergoing
routine antireflux surgery. Radiology, severity, and duration of symptoms are predic-
tors of true foreshortening.
T
he diagnosis and treatment of short esophagus in gastroesophageal reflux dis-
ease (GERD) is a past controversy that has recently re-emerged.1,2 During the
last 10 years, many thousands of laparoscopic antireflux operations have been
performed in the world. For the majority of scientific articles reporting on laparo-
scopic antireflux surgery (often based on a large patient case series), cases of short
esophagus were not mentioned.3-6 Likewise, only a minority of articles emphasized
the preoperative and intraoperative diagnoses of a short esophagus and the need to
cure this condition with dedicated surgical techniques.7-12 In an attempt to definitively
address the controversy on the existence, frequency, and predictors of short esophagus
in patients undergoing antireflux surgery, a multicenter prospective study was devoted
to the precise measurement of the distance between the apex of the diaphragmatic hi-
atus and the esophagogastric (EG) junction, as localized by intraoperative endoscopy
during the surgical procedure.
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Patients and Methods
A multicenter observational prospective study was run by mem-
bers of the European Society of Esophagology at 8 centers that have
adequate expertise and patient volume in the field of GERD surgical
treatment (more than10 years of clinical/scientific experience in
antireflux surgery, more than100 open/minimally invasive proce-
dures performed, and more than 20 cases performed per annum).
The study protocol was approved by the Ethics Committee for
Clinical Studies of the proposing center. Among consecutive pa-
tients at the center’s outpatient clinics, those who fit the protocol in-
clusion criteria and agreed to the surgical therapy for GERD were
asked to enter the study. Informed consent was obtained from the pa-
tients before enrolment, according to the approval criteria of the
ethics committee and to the ethical standards of the Helsinki Decla-
ration of 1975. The study’s inclusion criteria were adopted by each
center, according to the international guidelines for the surgical
therapy for GERD.13-15 Surgery was indicated for (1) patients with
GERDwho were not responding to medical therapy; (2) patients not
compliant with long-term medical therapy; (3) patients requiring
high dosages of drugs; (4) patients too young for lifetime medical
treatment; (5) patients performing a particular type of job that
does not allow drugs to be taken constantly; (6) patients with atyp-
ical GERD who opted for surgery; and (7) patients who decided, in
the first instance, for the surgical treatment of typical GERD.13-15
Surgery was also indicated in patients with massive incarcerated
(paraesophageal) hiatal hernia that was or was not associated with
GERD.8,15 Exclusion criteria for the study were age younger than
18 years, association of GERD with epiphrenic esophageal divertic-
ulum, collagenous diseases, primary esophageal motility disorders,
redo antireflux surgery, and previous surgery on the thoracic and ab-
dominal esophagus, stomach, or diaphragm. Data collection was
structured into 12 case report forms (CRFs). CRFs 1–2 included
the identifying card and the informed consent for each center.
Data regarding follow-up (CRFs 11–12) have not been included
in the present study. The full protocol is accessible at the following
site: http://www.fondazionevillamaria.it/gerdsurgery/index.htm.
Clinical Evaluation (CRF 3)
Medical history, duration of symptoms related toGERD, and previous
medical therapywere collected. Data regardingGERD symptoms and
the general health of the patient were assessed according to the self-
administrated SF-3616 and GERD-HRQL questionnaires.17
Instrumental Evaluation (CRFs 4, 5, 6, and 7)
The barium swallow was performed in the upright, supine, and prone
positions, with and without gas powders, according to a protocol pre-
viously described.7 The radiologic classification is based on 6 different
conditions, evaluated in the upright position7: normal EG junction,
sliding hiatal hernia, hiatal insufficiency, concentric hiatal hernia, short
esophagus, and massive incarcerated gastric hiatal hernia (Figure 1).The Journal of ThorUpper gastrointestinal endoscopy, esophageal manometry, and
ambulatory 24-hour esophageal pH recording were performed
according to the international guidelines and the centers’ current
practice criteria that were adopted for the preoperative study of can-
didates for antireflux therapy. Esophageal pH recording was obliga-
tory in the presence of nonerosive esophageal reflux disease.18
Reflux esophagitis was graded according to the Los Angeles
classification, including nonerosive esophageal reflux disease.19
Biopsies were performed for the histologic confirmation of the
diagnosis of Barrett esophagus or when dysplastic lesions were sus-
pected; Barrett esophagus was categorized according to established
criteria.20
Surgery (CRFs 8 and 9)
Surgeons were free to adopt an open or a minimally invasive
approach.
After 360 isolation of the EG junction and diaphragmatic pillars
and resectionof thehernia sac and the fat pad, if necessary, afiberscope
was inserted orally to the level of the proximal margin of the gastric
mucosal folds. The EG junction was localized where the gastric folds
disappear into the tubular esophagus.20 A large hemoclip was applied
at the level of the tip of the scope, as felt by the clip applier, tomark the
position of the EG junction. Air insufflation wasminimized, and after
themaneuver, the scopewas inserted into the stomach todeflate it. The
instrument was retracted into the upper part of the esophagus and the
light was turned off. The surgeon relieved any tension applied to
the stomach and measured the distance between the clip marker and
the apexof the hiatus (firstmeasurement after isolation of theEG junc-
tion) and again after maximal isolation of the mediastinal esophagus
(according to the surgeon’s judgment; second measurement). The
measurements were performed with a gauge instrument specifically
designed for this study (laparoscopic L-branched ruler, designed by
S.M.; Figure 2). The vertical branch of the L-branched ruler, at a right
angle to the axis of the instrument, was positioned at the apex of the
hiatus tomeasure the distance between themarker (clip) and the hiatus
itself. During laparoscopy, the ruler was introduced into the abdomen
through the right lower port to place the L-branched ruler as close to
parallel to the esophagus as possible.
These measurements produced three types of data: (1) the distance
between the EG junction clip and the diaphragm (in centimeters), as
marked with a minus sign when the junction is placed below the
diaphragm or a plus sign when the junction is placed above the dia-
phragm; (2) the length (in centimeters) of the isolated thoracic esoph-
agus, from the top level of themobilization to the apexof the hiatus; (3)
an arbitrary categorization of cases as ‘‘long’’ or ‘‘short’’ when there
was more than or less than 1.5 cm subdiaphragmatic esophagus, re-
spectively. In fact, if the antireflux procedure is to be performed with-
out undue tension, it is generally accepted that at least 2.5 cmof tubular
esophagus should lie below the hiatus in the absence of tension on the
stomach.1,8,9,10,11,21 The mediastinal dissection was extended and the
antireflux technique (hiatoplasty and fundoplication) was chosen by
the first surgeon, according to personal experience.
Training of the Research Groups
In January 2004, a meeting was held for the involved physicians to
pool the common knowledge of the preoperative barium swallow
and the intraoperative methodology of EG junction identification
and measurements. Videos of the radiologic and surgical procedures
were distributed among the centers.acic and Cardiovascular Surgery c Volume 136, Number 4 835
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TSFigure 1. Barium swallow. HH, Hiatal hernia; EGJ,
5 esophagogastric junction of the esophagus.
Blackoutline is theesophagealwall;whiteoutline
is the gastric wall. Normal esophagogastric junc-
tion: the EGJ is locatedbelow thediaphragm, at the
apex of the angle of His. Sliding hiatal hernia: the
EGJ rises above the esophageal hiatus, together
with a portion of the fundus of the stomach, while
the patient is in a prone position and straining, al-
though it recedes within the abdomen in the up-
right position. Hiatal insufficiency: in the upright
position, the esophagus is straightened, the angle
of His is widened, and the EGJ is at the level of the
diaphragmatic hiatus (hiatal notch); the intra-ab-
dominal esophageal segment has disappeared.
Concentric hiatal hernia: in the upright position,
the esophagus is straightened, the EGJ is located
above the diaphragm, and the gastrocardial folds
display a ''tent-shaped'' appearance. Short esoph-
agus: in the upright position, the esophagus is
straight and rigid, the EGJ is fixed far above the di-
aphragm and it may be stenotic; the intrathoracic
stomach has a ''funnel- or bell-shaped'' appear-
ance. Massive incarcerated gastric hiatal hernia:
in the orthostatic position, a great portion of the
stomach is fixed in the chest with a bottleneck ap-
pearance of the transhiatal portion; the esophagus
may be straightened or curling. (From Figures 1 and
2 of Mattioli S, D'Ovidio F, Pilotti V, Di Simone MP,
Lugaresi ML, Bassi F, Brusori S. Hiatus Hernia and
Intrathoracic Migration of Esophagogastric Junc-
tion in Gastroesophageal Reflux Disease. Dig Dis
Sci. 2003;48:1823-31. With kind permission of
Springer Science and Business Media.)Intraoperative and Postoperative Complications
(CRF 10) and 6-month and 12-month Follow up
(CRF 11 and CRF 12)
Further data were collected for the multicenter study that are not
reported in the present article.
Statistical Analysis
The Villa Maria Foundation (Ravenna, Italy; http://www.
fondazionevillamaria.it/) was identified as the independent group
responsible for (1) the development of hardware and software
for collecting the registered data, (2) study monitoring, and (3)
structural analysis of the collected data.
The Mann–Whitney U test was used for comparisons of the or-
dinal qualitative variables, and the c2 test was used to evaluate the
nominal qualitative variables. The Student t test for unpaired data
was used for comparisons of the continuous quantitative variables.
The comparison of the measurement of the distance between the di-
aphragmatic hiatus and the EG junction before and after esophageal
mediastinal dissection was performed with the Wilcoxon signed
rank test.
The logistic regression method was used to identify the predic-
tive factors of foreshortened esophagus.
Results
Between September 10, 2004, and October 31, 2006, 180
consecutive patients were enrolled, 84 (46.6%) men and 96
(53.4%) women. The mean age of the patients was 49.3 6
15.3 years.
Comorbidities were present in a mix of combinations in 99
patients. The median duration of GERD symptoms was 60
months, with a range of 3 to 360 months. Medical therapy
had been previously administered to all patients either contin-
uously or cyclically for a median period of 6 months (range
1–180 months).
At barium swallow, the EG junction was normal in 23
(12.8%) patients, a sliding hiatal hernia was present in 59
(32.8%), a hiatal insufficiency in 52 (28.8%), a concentric hi-
atal hernia in 22 (12.2%), a short esophagus in 2 (1.2%), and
a massive incarcerated hiatal hernia was present in 22 (12.2
%) patients. Other preoperative characteristics of the study
population and indications for surgical therapy are shown
in Table 1. In 55%, 22%, and 23% of patients, only 1, 2, or
3 or more indications were selected, respectively.836 The Journal of Thoracic and Cardiovascular Surgery c October 2008
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(97.3%) patients and open (laparotomy) in 5 (2.7%). During
minimally invasive surgery, the median pressure of the pneu-
moperitoneum was 12 mm Hg (range 10–14 mm Hg). Sur-
gery was converted from laparoscopy to laparotomy in
2 (1.1%) patients.
At the first measurement, the median distance between the
EG junction and the apex of the diaphragmatic hiatus was
22 cm (range 24 to 13 cm).
In 31 (17.3%) patients, the intra-abdominal esophagus
was longer than 2.5 cm, and in 81 (45%) patients, it was
equal to or less than 2.5 cm and longer than 1.5 cm. In 68
(37.7%) patients, the intra-abdominal esophagus was equal
to or shorter than 1.5 cm. A histogram of the distribution
of the measured data is shown in Figure 3, A. The median
length of the mediastinal esophageal dissection was 6 cm,
with a range of 1 to 12 cm. At the second measurement,
the median distance between the EG junction marker and
the apex of the diaphragm was 23 cm, with a range of
25 to 13 cm.
In 122 (67.8%) patients, the intra-abdominal esophagus
was longer than 2.5 cm, and in 24 (13.4%) patients, it was
equal to or less than 2.5 cm and longer than 1.5 cm (Figure 3,
B). In 34 (18.8%) patients, the intra-abdominal esophagus
was still equal to or shorter than 1.5 cm (Figure 3, B); the me-
diastinal dissection in 16 (8.8%) patients was less than 6 cm;
in 18 (10%) patients, it was longer than 6 cm.
In the comparison between the first and second measure-
ments, statistically significant differences were observed
(P 5.000), suggesting that the esophageal mediastinal dis-
section significantly affected the final intra-abdominal esoph-
ageal length. The distance between the EG junction and the
diaphragm before (first measurement) and after (second
Figure 2. The ruler used for the intraoperative measurements of
the distance between the marker (clip) and the hiatus consists
of a stainless steel rod that is 5 mm in diameter and 45 cm long.
The head of the instrument is graduated with notches every 5
mm and can be bent upward by 90.The Journal of Thomeasurement) the esophageal mediastinal dissection is
shown in Figure 4.
A standard fundoplication was performed in 154 (85.5%)
patients, with 49 (27.2%) Nissen fundoplications, 103
(57.2%) Nissen–Rossetti fundoplications modified according
to DeMeester (floppy Nissen), and 2 (1.1%) Toupet fundopli-
cations. The mean length of the wrap was 2.2 6 0.5 cm. A
Collis gastroplasty was performed in 26 (14.5 %) patients;
of these, the length of the intra-abdominal tubular esophagus
was21.7 cm in 1 patient,21.5 cm in 2 patients, and.21.5
cm in 23 patients. The Collis procedure, associated with
a 360 fundoplication, was performed by a laparoscopic
approach in 7 (3.8%) patients, and a laparothoracoscopic
approach was taken in 19 (10.6%). The mean length of the
gastroplasty was 3.1 6 0.8 cm.
The 2 groups of patients in whom at the second measure-
ment the distance between the EG junction and the diaphrag-
matic hiatus was longer than 1.5 cm (long esophagus) or
equal to or shorter than 1.5 cm (short esophagus) were statis-
tically different according to age, preoperative duration of
symptoms, role Physical and General Health domains of
the SF-36 questionnaire, resting tone of the lower esophageal
sphincter, and intrathoracic migration of the EG junction at
the preoperative radiologic study (univariate analysis) (Table
2). The predictive factors for a ‘‘true’’ short esophagus were
preoperative duration of symptoms, General Health domain
of the SF-36 questionnaire, and the orad migration of the
EG junction at the preoperative radiology (multivariate
analysis; Table 2).
Discussion
In the last 15 years, the vast majority of articles on (laparo-
scopic) surgery for GERD have not reported on cases in
which the esophagus was shortened, resulting in technical
problems when fundoplication without tension was per-
formed around an adequate segment of intra-abdominal
esophagus.1-6 Some surgeons have noted that a short esoph-
agus is not an infrequent result among patients undergoing
antireflux surgery. Their attention is focused on the techni-
cal issues necessary to adequately correct this condition.7-12
What is the cause of these opposite positions? What is the
source of the misunderstanding? A reasonable answer is
that the recent reports are biased, probably more now
than in the past, through methodological errors both in
the subjective identification and assessment of the position
of the EG junction and in the equally subjective quantifica-
tion of the degree of esophageal shortening needed to repo-
sition an ‘‘adequate’’ segment of the tubular esophagus into
the abdomen.8-10 It is more difficult to precisely localize the
passage from the tubular esophagus into the stomach in lap-
aroscopy than in open procedures because, in the process of
esophageal shortening, the angle of His disappears, and the
proximal stomach tubularizes and assumes a funnel-like
shape.8-10,22,23racic and Cardiovascular Surgery c Volume 136, Number 4 837
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Mean 6 SD Range
Age (y) 49.3 6 15.3 17–79
Preoperative duration of symptoms (mo) 83.56 6 63.59 3–360
Score of the preoperative GERD HRQL 20.82 6 8.72 0–43
SF-36 Physical Functioning 72.80 6 24.13 5–100
SF-36 Role—Physical 59.06 6 41.98 0–100
SF-36 Bodily Pain 62.90 6 21.74 12–100
SF-36 Role—Emotional 57.89 6 43.77 0–100
SF-36 General Health 50.56 6 8.71 30–77
SF-36 Vitality 55.87 6 18.05 5–95
SF-36 Social Functioning 61.11 6 21.75 0–100
SF-36 Mental Health 60.35 6 18.66 4–100
Manometric basal tone of the LES (mm Hg) 10.28 6 5.31 2–35
Manometric length of the LES (cm) 3.37 6 0.73 1.3–5
No. %
Reflux esophagitis according to the Los Angeles classification A: 59 A: 32.7%
B: 38 B: 21.2%
C: 8 C: 4.4%
NERD 75 41.7%
Barrett esophagus 26 14.4%
Hypotonic LES 134 74.4%
Secondary motility dysfunction of the esophageal body 61 33.8%
24-Hour pH recording 64* 35.5%
% of total time with pH , 4 64 35.5%
Indications for surgery No. %
Patients not responsive to medical therapy 75 41.6%
Patients not compliant with long-term medical therapy 96 53.3%
Patients requiring high dosages of drugs 46 25.5%
Patients too young for lifetime medical treatment 52 28.8%
Patients performing a particular type of job that does not allow drugs to be taken constantly 7 3.8%
Patients presenting atypical GERD, who chose surgery 10 5.5%
Patients who decided in first instance for the surgical treatment of typical GERD 28 15.5%
GERD, Gastroesophageal reflux disease; HRQL, health-related quality of life; LES, lower esophageal sphincter; EG junction, esophagogastric junction; NERD,
nonerosive esophageal reflux disease. *In 11 of 75 patients with NERD, the pH recording failed because of the presence of a massive incarcerated hiatal
hernia.The core aim of the present multicenter study was the ob-
jective measurement of the distance between the EG junction
(marked with intraoperative endoscopy) and the apex of the
diaphragmatic hiatus, after isolation of the mediastinal
esophagus, in a series of patients undergoing surgical therapy
for GERD. At the first measurement, the distance between the
EG junction and the apex of the diaphragmatic hiatus was
#1.5 cm in 68 (37.7%) patients; at the second measurement,
performed after esophageal mediastinal dissection, the
distance between the EG junction marker and the apex of
the diaphragm was still #1.5 cm in 34 (18.8%) patients.
It is worth noting that great care was taken not to overes-
timate esophageal shortening. We assumed that the gastric
folds and not the Z line (usually located 0.5 cm cranially)
were the mark of the lower end of the esophagus, in part to
overcome the problem of localizing the EG junction in the
presence of a long Barrett esophagus.20
The proximal mark point was the apex of the hiatus, which
is located more cranially with respect to the confluence of the
diaphragmatic pillars. Moreover, the shift of the hiatus to-
ward the chest originated by the pneumoperitoneum, which
apparently elongates the intra-abdominal esophagus,22 was
not considered. Again, we point out that the 1.5-cm distance
or less between the EG junction and the diaphragm was arbi-
trarily taken as the cutoff limit to categorize cases as having
a ‘‘long’’ or ‘‘short’’ esophagus, although it is widely ac-
cepted that 2.5 cm of intra-abdominal esophagus is necessary
to correctly perform the fundoplication.1,8-11,21
The multivariate logistic regression analysis showed the
predictive factors of ‘‘true’’ short esophagus: the duration
of symptoms, the grade of symptom severity (as evaluated
by the General Health domain of the SF-36 questionnaire),
and the presence of intrathoracic migration of the EG junc-
tion at the preoperative radiologic examination. Others838 The Journal of Thoracic and Cardiovascular Surgery c October 2008
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such as the presence of peptic stenosis, Barrett esophagus,
massive incarcerated hiatus hernia, and repeat surgery.9,21
We excluded the latter condition from our protocol to study
only patients with an anatomy not modified by previous sur-
gery; curiously, in the present series, we have not seen any
cases of peptic stenosis, and long Barrett esophagus was as-
sociated with a true short esophagus only in 7 of 26 (26.9%)
cases. We registered a significant decrease in peptic stenosis
in a population of 170 patients undergoing antireflux surgery
in the period 1992 to 2003 as compared with a population of
149 patients operated on between 1980 and 19918; the cases
of orad migration of the EG junction increased in the second
period with respect to the first one. We speculate that proton
pump inhibitor therapy does not interfere with the elastic
retraction of the esophagus, although it reduces the parietal
inflammation and fibrosis induced by GERD, at least in the
hiatal insufficiency and concentric hiatal hernia phases.8
The present study was ruled on 3 years ago in Italy, where
proton pump inhibitor therapy is totally supported by the Na-
tional Health Service; 100% of patients had undergone this
therapy for long periods. It may be that our data do reflect a lo-
cal condition. This observation implies a limitation for the
study and suggests that further research is necessary, involv-
ing North American and North European centers. The barium
swallow is a predictive factor as revealed by the multivariate
analysis; this has not been proposed before. We would like to
point out that in our study protocol, radiology was performed
Figure 3. Representation of (A) the first intraoperative measurement of the distance between the esophagogastric
junction and the apex of the diaphragm and (B) the second intraoperative measurement, performed after esophageal
mediastinal dissection. The minus signs indicates that the junction was placed below the diaphragm. In parenthe-
ses are indicated the absolute numbers.
Figure 4. Variation of the distance between the
esophagogastric junction and the diaphragm
before (first measurement) and after (second
measurement) esophageal mediastinal dissection
(P 5 .000).The Journal of Thoracic and Cardiovascular Surgery c Volume 136, Number 4 839
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lieve that a preoperative radiologic examination should be
part of the diagnostic workup of GERD patients, inasmuch
as it provides information that is useful to discuss with the pa-
tient about the grade of severity of the disease; the therapeutic
alternatives (whether medical or surgical), particularly in re-
lation to a condition of permanent displacement of the EG
junction across or above the diaphragm, which favors cardial
incontinence7,15; and the risks and benefits of surgery in light
of the complexity of the surgical procedure.
In conclusion, this study has shown that a significant fore-
shortening of the esophagus is present in about 20% of pa-
tients undergoing GERD surgery; this condition is more
frequent in patients with longstanding and severe symptoms.
Preoperative radiology, severity of symptoms, and duration
of symptoms are clinical and instrumental predictors of
a ‘‘true’’ short esophagus. The combined surgical–endo-
scopic procedure for the measurement of the distance be-
tween the EG junction and the diaphragm is a simple and
objective method to precisely diagnose, in the operating
room, the condition of ‘‘true’’ esophageal shortening and,
consequently, to treat this condition according to the
principles of the tailored surgery.8,12
TABLE 2. A comparison of patients with long and short
esophagus (intraoperative measurement) according to
preoperative clinical–instrumental parameters
Long
esophagus
Short
esophagus
Mean Mean P value
Univariate analysis
Age (y) 47.17 54.69 .012
Preoperative duration of
symptoms (mo)
77.09 97.50 .049
SF-36 Role—Physical 64.92 40.62 .005
SF-36 General Health 51.99 44.56 .000
LES resting tone (mm Hg) 12.10 9.93 .043
% %
Intrathoracic migration of the
EG junction at the
preoperative radiology
43.3 78.1 .001
Multivariate analysis OR 95% CI P value
Age 1.02 0.38–2.68 .966
Preoperative duration of
symptoms
3.35 1.05–10.63 .040
SF-36 Role—Physical 1.90 0.74–4.84 .177
SF-36 General Health 5.62 1.92–16.44 .002
LES resting tone 1.21 0.45–3.19 .699
Intrathoracic migration of the
EG junction at the
preoperative radiology
6.42 2.06–20.05 .000
Statistically significant analyses are reported. LES, Lower esophageal
sphincter;OR, odds ratio; CI, confidence interval; EG junction, esophagogas-
tric junction.840 The Journal of Thoracic and Cardiovascular Surgery c OcLimitations
The present study suffers from an unavoidable limitation: the
measurements have been performed in anesthetized, para-
lyzed patients with a pneumoperitoneum. However, this is
the scenario in which true short esophagus can and must be
diagnosed.
Another limitation of the study is the arbitrary definition
of true short esophagus that we have adopted. In fact, in 24
(13.4%) of 180 patients, the measured length of the abdomi-
nal esophagus after mediastinal isolation of the esophagus
was equal to or less than 2.5 cm and longer than 1.5 cm.,
thus shorter than the length indicated in the literature (empir-
ically) as optimal to perform the fundoplication. The follow
up of the patients of this group who underwent a standard
fundoplication will indicate whether the 1.5-cm length we as-
sumed arbitrarily as the ‘‘cutoff’’ measure for the definition of
true short esophagus is correct or not. At the present time, our
practice (empirical, too) is to perform the Collis gastroplasty
when the abdominal esophagus is equal to or less than 1.5 cm
and also when it is shorter than 2.5 cm and longer than 1.5 cm
in the case of obese patients or patients younger than
60 years.
Intraoperative endoscopy should become routine, at least
in cases in which a short esophagus is likely. It is evident that
the surgeons involved in this study behaved differently in
terms of extension of the esophageal mobilization and in
the choice of the antireflux technique, with respect to the
length of the abdominal esophagus after the first and second
measurements. The long-term follow-up of patients enrolled
in this study and ideally further prospective studies, will pro-
vide more information about surgery for GERD, particularly
in borderline conditions.
We thank Doctor Engineer Luca Ghetti of the Villa Maria
Foundation for data management and technical support.
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